~~ ~~ ~ Superoxide dismutase (SOD, superoxide:superoxide reductase, EC 1 IS. 1.1) activity was studied in 23 strains of Campylobucter spp. using disc polyacrylamide gel electrophoresis. Different enzyme patterns were observed with extracts of different species of Cumpylubmter; three migration bands were found in all strains of C. spurorum subsp. sputorum and C . sputorum subsp. bubulus (relative mobiiities, Rm, 0.57,0-76 and 0.85), and C.fetussubsp.fetus (Rm 0-60,0-72 and 0-SI), while four migration bands (Rm 0.52, 0-57, 0-73 and 0432) were found in C. fetus subsp. wnereulis. One band (Rm 0-73) was found in C. coli CIP 7080 and two bands (Rm 0.59,0.73) in C. jejuni CIP 702. Superoxide dismutase activities were very high in the Cumpylobacrer strains, especially in C. fetus subsp. fetus (specific activity 7-8-55.7 U (mg protein)-'] compared with those in Escherichiu coli (1.5 U mg-I), fropionibucterium acnes (1.6 U mg-I) and Veillonelfu alcalescens (0.2 U mg-I).
. In order to extend our knowledge of SOD of Campyfohcter spp. in relation to their microaerophilic characteristics and species differences, we have studied SOD of C. sputorum subsp. sputorum, C. fetus subsp. firus, C. firus subsp. venereuh and other campylobacters by disc polyacrylamide gel electrophoresis.
METHODS

Organrjmr.
The strains used are listed in Table I , with their sources and habitats. Media and cultiwrbn. Cumpylobacrer strains wen grown in G A N broth (Nissui Co., Tokyo, Japan) placed in Petri dishes to give a large surface area. The composition of GAM broth, which is a medium for the growth of anaerobic bacteria, is as follows (1-1): pcptonc 10.0 8; soybean peptone 3.0 g; proteose peptone W 10.0 g ; digested serum 13.5 8; yeast extract 5.0 g; beef extract 2.2 g; liver extract 1.2 g; glucoee 3.0 g; KH2P0, 2.5 g; NaCl 3.0 g; soluble starch0.3 g; L-cystine. HCIO.3 g; sodium thioglycollatc 0.3 g. The pH was adjusted to 7.3 f 0.1. The inoculum was grown in GAM semi-solid medium (GAM broth containing 1.5 g agar I-') in Erlenmeyer flasks.
Pmpbnilmcterium acms and VeiIlimellu ulculescens were grown in Erlenmeyer flasks filled to the top with GAM broth. fickrkhha eoli was grown in nutrient broth containing (I-'): meat extract 5 g; pcptonc 10 g; NaCl 5 g (Eiken Co., Tokyo, Japan).
All bacteria wcce cultured at 37 "C. Escherichia coli was harvested by centrifugation after 18 h growth and other bacteria after 48 h.
Preprution. Harvested cells were d i m c n t e d (75001 for 10 min), washed three times with physiological saline (0.15 w-NaCI), and suspended in saline at 0.5 g wet WI mi-'. After sonication at 20 kHz at 80 W for 3 min (Tomy, Ultrasonic UR 200, Japan), the hornogenatc was centrifuged at 12000g for 60min (Sowall, RC-5). The supernaunt was dialysed for 36 h in 0.02 u-phosphate buffer @H 7-8) to remove Cuz+, Mn2+, Fez+ and Fe3+ ions that may afiect SOD activity and salts that may affect electrophoresis. (McCord & Fridovich, 1969) . Xanthine oxidasc was added to 3 ml reaction mixture solution containing 1 x lom4 w-nanthine, 2-5 x M-EDTA and 0-05 M-sodium carbonate (pH 10.2) in an amount sufficient to reduce NET to diformazan at a rate such that the increased at 0.01 unit min-' at 25 "C (Hitachi spectrophotometer 2W20). The amount of SOD required to inhibit the rate of reduction of NBT by 50% under these defined conditions is defined as 1 unit of activity.
Catalase activity was detected by cfiervcscencc in 3% (v/v) hydrogen peroxide. Oxidase activity was detected using the dimethyl-pphenylenediamine dihydrochloride reagent of Kovacs (1 956).
EIectrophoresik and stuining. A dialysed solution of protein (0.1 -0-3 mg) was elcctmphorescd on 7% (w/v) polyacrylamide disc gels using the method of Davis & Ornstein (1964) . Running gels (pH 8-9) 6 cm long with t cm thick spacer gels were prepared in glass gel tubes of inner diameter 5 mm, and set in a cooling device. After stacking 50 ~1 4 0 % (w/v) sucrose solution containing protein and bromophenol blue, the gels were run at 5 mA per tube for 40 min at I2 "C in a buffer solution containing 0-6 g Tris and 2.88 g glycine 1-I (pH 8.3).
SOD was detected by soaking the gels in 2-45 mu-NBT for 20 min followed by immersion for 15 min in a solution containing 28 mw-tetramethyknediamine, 28 pv-riboflavin and 36 m-potassium phosphate (pH 7.8). The gets wen then placed in small dry test tubes and illuminated for 5 to 15 min with a commercial 20 W fluorescent lamp (360-740 nm including line spectra at 400 and 435 nm) at a distance of 10 cm. During illumination, the gels turned blue except for the bands containing SOD. Illumination was stopped when maximum contrast was achieved between the unstained and blue zones (Beauchamp Bt Fridovich, 1971) . Migration distancesof negativestained bands were converted to relative mobilities (Rm) by dividing each migration distance by that of the front marker (bromophenol blue).
Each sample was eltctrophorescd on two gels; one gel was stained without KCN and the other was stained in the presence of 2 mw-KCN (Dc Rosa et ul., 1979) in order to detect the presence of Zn,Cu-SOD (Weisiger & Fridovich, 1973) . Dismutation of 0; by Zn,Cu-SOD is inhibited by CN-, while FoSOD and Mn-SOD activities arc unaffected by CN-(Fridovich, 1974) .
Three to nine cultures of each strain were analysed for all enzyme activities. Bovine blood SOD (Sigma) was used as a control.
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RESULTS
The specific activities of SOD obtained for homogenates of each strain are given in Table 2 . Extracts of E. coli and P. acnes had SOD specific activities of around 1-5 U (mg protein)-'. Extracts of V . alcalescens showed negligible activity. Extracts of Cumpylobacter spp. had SOD specific activities that ranged from about I U (mg protein)-l in C. sputorum subsp. sputorum to above 50 U (mg protein)-' in C. fetus subsp. fetus. The SOD specific activities of C. sputorum subsp. sputorurn and C. fetus subsp. uenereulis were similar [means f SD 3.4 f 1.8 and 4-7 f 1.3 U (mg protein)-', respectively]. While C. fetus subsp. fetus had much higher activities and also showed large activity variations between different strains [mean f SD 30.5 f 17.5 U (mg protein)-I for the five strains studied], variations within strains were not large in comparison with those found in C.fetus subsp. venereulis. The SOD specific activities of C. coli, C. jejuni and C. s p m m subsp. bubulus were between those of C. sputorum subsp. sputonun and C. fetus subsp. fetus. The mean SOD specific activity determined for the Campylobacter strains other than C. fetus subsp. fetus was 5-4 f 2-2 U (mg protein)-'.
All the Cumpylobacter strains had oxidase activity, and all except C . sputorum subsp. sputorum and C. sputorum subsp. bubulus had catalase activity. Escherichia coli, P. acws and Y. olcalescens did not have oxidase activity and P. ucnes did not have catalase. No inhibition of SOD activity by 2 mhi-KCN was observed, indicating that the enzymes in Campylohcieer spp. are of the Fe-SOD and/or Mn-SOD types.
Df SCUSSlON
The species and subspeciesof Campyluhcter we studied had SOD activities higher than those of E. culi and P. acnes. Most of the campylobacters showed specific activities of around 5 U (mg protein)-I . Campylohcter fetus subsp. fetus showed much higher specific activities.
It is possible to relate to some extent the SOD activity in the Campylohcter spp. to their aerotolerance. The oxygen partial pressure at which the growth of a particular isolate is inhibited was reported as follows: C. spuforum 5.3 -10.7 kPa (5.2-10.6% 0,) (Loesch et at., 1965) , C. jejuni 6.1 kPa (67; 0,) (Hoffman et at., 1979a), C. fetus subsp. uenereulis 8-6 kPa (8.5% 02) , C. coli 12.7 kPa (12.5% 02), and C. fetus subsp. fetus 18.1 kPa (17.9% 0,) (Ware et at., 1977) .
Thus aerotolerance increases with increase in the SOD activity.
Catalase is another important factor in the aerotolerance of a bacterium. Since our C'. spuiorum strains had no significant catalase activity, SOD may be dominant in preventing oxygen damage in these organisms. Oxygen utilization is indicated in all the Campylobacrer strains studied, by the presence of a positive oxidase reaction.
The migration patterns shown in Fig. 1 suggest that (19796) reported that the SOD of C. jejuni was an Fe-type enzyme. In view of the various enzyme activities and different electrophoretic profiles of SOD in Cumpylobocter spp., it seems probable that some species or subspecies of Cumpyiobacter may also have Mn-SOD. The higher SOD activities and large activity variations in C. fetus subsp.
fetus might be due to an active synthesis of Fe-SOD and/or Mn-SOD.
In conclusion, the present results indicate that the electrophoretic analysis of SOD may be useful in distinguishing C. sputorum, C. coli, C. jejuni, C. fetus subsp. ferus and C. fetus subsp.
venerealis .
The 
